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Management of Treatment-Experienced Infants, Children, and

Adolescents  (Last updated November 1, 2012; last reviewed November 1,

2012)

Overview
Although many children remain on stable antiretroviral therapy (ART) for several years,1-4 reassessment of a

therapeutic regimen will often become necessary over time.5

Treatment failure is defined as suboptimal response or a lack of sustained response to therapy using virologic,

immunologic, and clinical criteria. A careful assessment is required to evaluate the etiology of treatment failure

and determine the appropriate management strategy. Not all instances of treatment failure require an immediate

change in ART; in many cases, treatment efficacy can be restored by improving adherence or addressing other

comorbidities. The approach to treatment failure in children and adolescents who have received more than one

ARV regimen is often more complex than the approach in those receiving their first regimen. However, with

the availability of an increasing number of antiretroviral (ARV) agents, including those directed at new viral

targets, the goals of treatment for all patients—whether on initial, second, or subsequent regimens—remain the

same: complete virologic suppression, combined with recovery or maintenance of immunologic function, and

attainment or preservation of optimal clinical status, while preventing emergence of new viral drug-resistance

mutations (see Assessment of Patients with Antiretroviral Treatment Failure and Management of Medication

Toxicity or Intolerance). Decisions regarding changing ART should be individualized and should take into

consideration a child’s treatment history, including any ARV-associated toxicities; current virologic,

immunologic, and clinical status; and ability to adhere to a new regimen as well as prior and current detection

of drug-resistant virus and available treatment options. Given these complexities, all children being evaluated

Panel’s Recommendations

• The goal of therapy following treatment failure is to achieve and maintain virologic suppression, as measured by a plasma
viral load below the limits of quantification using the most sensitive assay (AI*).

• When complete virologic suppression cannot be achieved, the goals of therapy are to preserve or restore immunologic
function (as measured by CD4 lymphocyte values), prevent clinical disease progression, and prevent development of
additional drug resistance that could further limit future antiretroviral options (AII).

• Not all instances of treatment failure require an immediate change in therapy; careful assessment, especially of
adherence, is required to evaluate the etiology of the treatment failure and determine an appropriate management strategy
(AII).

• Children who require evaluation for treatment failure should be managed in collaboration with a pediatric HIV specialist
(AI*).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: I = One or more randomized trials in children† with clinical outcomes and/or validated endpoints; I* = One or more
randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children† from one or
more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; II = One or more well-designed,
nonrandomized trials or observational cohort studies in children† with long-term outcomes; II* = One or more well-designed,
nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying data in children† from one or
more similar nonrandomized trials or cohort studies with clinical outcome data; III = expert opinion

† Studies that include children or children and adolescents but not studies limited to postpubertal adolescents
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for treatment failure should be managed in collaboration with a pediatric HIV specialist.

Developmental and behavioral characteristics distinguish adolescents from adults and affect decisions

concerning management of treatment failure (see Specific Issues in Antiretroviral Therapy for HIV-Infected

Adolescents). Drug metabolism may vary during puberty,6 necessitating a reassessment of medication dosing

throughout adolescence. In some instances, young adults may require larger doses by weight or by surface area

than older adults (such as atazanavir; see Appendix A: Pediatric Antiretroviral Drug Information). In addition,

dosing recommendations for adolescents have not been established for a number of new ARV medications now

used in adults. Dosing guidance for children and adolescents for all ARV agents can be found in Appendix A:

Pediatric Antiretroviral Drug Information. The Guidelines for the Use of Antiretroviral Agents in HIV-1-

Infected Adults and Adolescents can provide additional information to help inform management of ARV

treatment failure in adolescents.

Definitions of Treatment Failure (see Table 18. Definitions of Treatment Failure in Human Immun-

odeficiency Virus (HIV)-Infected Children)

Treatment failure can be categorized as virologic failure, immunologic failure, or clinical failure (or some

combination of the three). Laboratory results must be confirmed with repeat testing before a final assessment of

virologic or immunologic treatment failure is made.

Virologic Failure: Virologic failure occurs as an incomplete initial response to therapy or as a viral

rebound after virologic suppression is achieved. Virologic suppression is defined as having plasma HIV RNA

below the level of quantification using the most sensitive assay (<20–75 copies/mL). Older assays with

lower limits of 200 or 400 copies/mL are acceptable if they are the only option; levels reported as detectable

but below the level of quantification should not be considered evidence of virologic failure.

• Incomplete virologic response to therapy: Incomplete virologic response to therapy is defined for

all children as a <1.0 log10 decrease in HIV RNA copy number from baseline after 8 to 12 weeks of

therapy, plasma HIV RNA >200 copies/mL after 6 months of therapy, or repeated plasma HIV RNA

greater than the level of quantification using the most sensitive assay after 12 months of therapy.

Occasionally, infants with high plasma HIV RNA levels at initiation of therapy have HIV RNA levels

that are declining but remain >200 copies/mL after 6 months of therapy. Among many of those

receiving lopinavir/ritonavir, suppression can be achieved without regimen change if efforts are made

to improve adherence.7 However, ongoing non-suppression—especially with non-nucleoside reverse

transcriptor inhibitor-based regimens—increases risk of drug resistance.8 HIV-infected adults with

detectable HIV RNA and a quantified result <200 copies/mL after 6 months of combination ART

(cART) often ultimately achieve virologic suppression without regimen change.9

• Viral rebound: For children whose plasma HIV RNA level was previously virologically suppressed in

response to therapy, viral rebound is defined as subsequent, repeated detection of plasma HIV RNA

above the level of quantification. “Blips,” defined as isolated episodes of plasma HIV RNA <1,000

copies/mL followed by return to viral suppression, are common and not generally reflective of

virologic failure.10, 11 Repeated or persistent plasma HIV RNA detection above the level of

quantification (especially if >1,000 copies/mL) more likely represents viral rebound.12, 13

Immunologic Failure: Immunologic failure is defined as an incomplete immunologic response to therapy or

an immunologic decline while on therapy. Evaluation of immune response in children is complicated by the

normal age-related changes in CD4 T lymphocyte (CD4 cell) count discussed previously (see Immunologic

Monitoring in Children). Thus, the normal decline in CD4 values with age needs to be considered when

evaluating declines in CD4 parameters. CD4 percentage tends to vary less with age. At about age 5 years,

absolute CD4 count values in children approach those of adults; consequently, changes in absolute count can be

used in children aged ≥5 years.
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• Incomplete immunologic response to therapy: Incomplete immunologic response to therapy is

defined as the failure of CD4 percentage to increase by ≥5 percentage points in a child aged <5 years

with severe immune suppression (CD4 percentage <15%) or as the failure of absolute CD4 cell count

to increase by ≥50 cells/mm3 above baseline within the first year of therapy in a child ≥5 years of age

with severe immune suppression (CD4 <200 cells/mm3).

• Immunologic decline: Immunologic decline is defined as a sustained decline to 5 CD4 percentage

points below the pre-therapy baseline at any age or a decline in absolute CD4 cell count to below

pre-therapy baseline in children aged ≥5 years. Declines that represent a change to a more advanced

category of immunosuppression compared with baseline (e.g., from CD4 percentage of 28% to 23%

or from CD4 cell count of 250 cells/mm3 to 150 cells/mm3) or to more severe immunosuppression in

children already suppressed at baseline (e.g., from CD4 percentage of 14% to 9% or from CD4 cell

count of 150 cells/mm3 to 100 cells/mm3) are of particular concern.

Clinical Failure: Clinical failure is defined as the occurrence of new opportunistic infections (OIs) and/or

other clinical evidence of HIV disease progression during therapy. Clinical failure represents the most urgent

and concerning type of treatment failure and should prompt an immediate evaluation. Clinical findings should

be viewed in the context of virologic and immunologic response to therapy; in patients with stable virologic

and immunologic parameters, development of clinical symptoms may not represent treatment failure. Clinical

events occurring in the first several months after cART initiation often do not represent cART failure. For

example, the development or worsening of an OI in a patient who recently initiated cART may reflect a degree

of persistent immune dysfunction in the context of early recovery, or, conversely be a result of immune

reconstitution inflammatory syndrome (IRIS). However, the occurrence of significant clinical disease

progression, such as noted below, should prompt strong consideration that the current treatment regimen is

failing:

• Progressive neurodevelopmental deterioration. The presence of two or more of the following

findings documented on repeated assessments: Impairment in brain growth (e.g., lack of expected

increase in head circumference in infants and young children), decline in cognitive function

documented by psychometric testing, or clinical motor dysfunction.

• Growth failure. Persistent decline in weight-growth velocity despite adequate nutritional support and

without other explanation.

• Severe or recurrent infection or illness. Recurrence or persistence of AIDS-defining conditions or

other serious infections.

Children who experience treatment failure do not always require an immediate change in therapy; careful

assessment is required to evaluate the etiology of the treatment failure and determine an appropriate

management strategy (see Assessment of Patients with Antiretroviral Treatment Failure).

Discordance Between Viral, Immune, and Clinical Responses

In general, cART that results in virologic suppression also leads to immune restoration or preservation as well

as to prevention of HIV-related illnesses. The converse is also generally true: ineffective cART that fails to

suppress viremia is commonly accompanied by immunologic and clinical failure.14 However, patients may also

present with failure in one domain (e.g., immunologic failure) but with a good response in the other domains

(e.g., virologic and clinical response). In fact, the discordance in responses to cART can occur in any of these

three domains in relation to the other two. It is essential to consider potential alternative causes of discordant

responses before concluding that ART failure has truly occurred.

Incomplete Virologic Response Despite Adequate Clinical and Immunologic Responses: Some

patients who are maintained on cART may sustain immunologic and clinical benefit for up to 3 years despite
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persistent viremia.15-24 This observation is the rationale for continuing non-suppressive ART for immunologic

and clinical benefit in selected patients for whom a completely suppressive regimen is not available or

practical. The risks, benefits, and indications for this approach are discussed in Approach to the Management of

Antiretroviral Treatment Failure and Choice of Next Antiretroviral Regimen for Treatment Failure with

Evidence of Drug Resistance. The proposed mechanisms for immunologic and clinical benefit without

complete virologic suppression are maintenance of a lower viral load or selection for strains harboring drug-

resistance mutations that impair viral replication or virulence. Another potential explanation for this

discordance is that some of these children may have host genetic and/or virologic characteristics that would

have allowed them to be either “slow-progressors” or “long-term non-progressors” without therapy.

Poor Immunologic Response Despite Virologic Suppression Regardless of Clinical Response:
Poor immunologic response despite virologic suppression can occur in the context of adequate or poor clinical

response. The first considerations in cases of poor immunologic response despite virologic suppression are to

exclude laboratory error in CD4 or viral load measurements and to ensure that CD4 values have been

interpreted correctly in relation to the natural decline in CD4 count over the first 5 to 6 years of life. Another

laboratory consideration is that some viral load assays may not amplify all HIV groups and subtypes (such as

HIV-1 non-M groups or non-B subtypes, HIV-2), resulting in falsely low or negative viral load results (see

Diagnosis of HIV Infection in Infants and Laboratory Monitoring of Pediatric HIV Infection). Once lab results

are confirmed, evaluation for adverse drug effects, medical conditions, and other factors that can result in lower

CD4 values is necessary.

In addition, it is common for patients with baseline severe immunosuppression to achieve virologic suppression

weeks to months before achieving immunologic recovery, resulting in a transient early treatment period of

persistent immunosuppression during which additional clinical disease progression can occur. Patients who

have very low baseline CD4 values before initiating combination therapy are at higher risk of an impaired CD4

lymphocyte response to cART and, based on adult studies, may be at higher risk of death and AIDS-defining

illnesses, despite virologic suppression.25-29

Certain ARV agents or combinations may be associated with a blunted CD4 response. For example, treatment

with a regimen containing tenofovir and didanosine can blunt the CD4 response, especially if the didanosine

dose is not reduced30 and this combination is not recommended as part of initial therapy. Dosing of didanosine

should be adjusted when co-administered with tenofovir. In adults, ARV regimens containing zidovudine may

also impair rise in CD4 cell count but not CD4 percentage, perhaps through the myelosuppressive effects of

zidovudine.31 Fortunately, this ARV drug-related suboptimal CD4 cell count response to therapy does not seem

to confer an increased risk of clinical events. It is not clear whether this scenario warrants substitution of

zidovudine with another drug.

Several drugs (e.g., corticosteroids, chemotherapeutic agents) and other conditions (e.g., hepatitis C,

tuberculosis, malnutrition, Sjogren’s syndrome, sarcoidosis, syphilis) are independently associated with low

CD4 values. Occasional cases of idiopathic CD4 lymphocytopenia have also been reported in HIV-uninfected

adults.32

Differential Diagnosis of Poor Immunologic Response Despite Virologic Suppression:

Poor Immunologic Response Despite Virologic Suppression and Good Clinical Response

• Lab error (in CD4 lymphocyte or viral load result)

• Normal age-related CD4 lymphocyte decline (i.e., immunologic response not actually poor)

• Low pretreatment CD4 cell count or percentage

• Adverse effects of use of zidovudine or the combination of tenofovir and didanosine

• Use of systemic corticosteroids or chemotherapeutic agents
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• Conditions that can cause low CD4 values, such as hepatitis C coinfection, tuberculosis, malnutrition,

Sjogren’s syndrome, sarcoidosis, and syphilis

Poor Immunologic and Clinical Responses Despite Virologic Suppression

• Lab error, including HIV strain/type not detected by viral load assay (HIV-1 non-M groups, non-B

subtypes; HIV-2)

• Persistent immunodeficiency soon after initiation of ART but before ART-related reconstitution

• Primary protein-calorie malnutrition

• Untreated tuberculosis

• Malignancy

• Loss of immunologic (CD4) reserve

Poor Clinical Response Despite Adequate Virologic and Immunologic Responses: Clinicians must

carefully evaluate patients who experience clinical disease progression despite favorable immunological and

virological responses to cART. Not all cases represent ART failure. One of the most important reasons for new

or recurrent opportunistic conditions despite achieving virologic suppression and immunologic

restoration/preservation within the first months of cART is IRIS, which does not represent cART failure and

does not generally require discontinuation of cART.33, 34 Children who have suffered irreversible damage to

their lungs, brain, or other organs, especially during prolonged and profound pretreatment immunosuppression,

may continue to have recurrent infections or symptoms in the damaged organs because the immunologic

improvement may not reverse damage to the organs.35 Such cases do not represent cART failure and, in these

instances, children would not benefit from a change in ARV regimen. Before reaching a definitive conclusion

of cART failure, a child should also be evaluated to rule out (and if indicated, treat) other causes or conditions

that can occur with or without HIV-related immunosuppression, such as pulmonary tuberculosis, malnutrition,

and malignancy. Occasionally, however, children will develop new HIV-related opportunistic conditions (such

as Pneumocystis jirovecii pneumonia or esophageal candidiasis occurring more than 6 months after achieving

markedly improved CD4 values and virologic suppression) not explained by IRIS, pre-existing organ damage,

or another reason. Although such cases are rare, they may represent cART failure and suggest that

improvement in CD4 values may not necessarily represent the return of complete immunologic function.

Differential Diagnosis of Poor Clinical Response Despite Adequate Virologic and

Immunologic Responses:

• IRIS

• Previously unrecognized pre-existing infection or condition (tuberculosis, malignancy)

• Malnutrition

• Clinical manifestations of previous organ damage: brain (strokes, vasculopathy), lungs

(bronchiectasis)

• New clinical event due to non-HIV illness or condition

• New, otherwise unexplained HIV-related clinical event (treatment failure)

Guidelines for the Use of Antiretroviral Agents in Pediatric Infection L-5
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Table 18. Definitions of Treatment Failure in HIV-Infected Children

Virologic Failurea

•  Incomplete virologic response to therapy: Incomplete virologic response to therapy is defined as: 

•  <1.0 log10 decrease in HIV RNA copy number from baseline after 8–12 weeks of therapy, or

•  HIV RNA >200 copies/mL after 6 months of therapy, or

•  repeated HIV RNA above the level of quantification using the most sensitive assay after 12
months of therapy.a

•  Viral rebound: Viral rebound is defined as repeated detection of plasma HIV RNA above the level of
quantification after a child had achieved virologic suppression in response to therapy. Isolated
episodes of plasma HIV RNA detection above the level of quantification but <1,000 copies/mL are
common. They generally do not indicate virologic failure and may be transient blips, but should be
followed up to confirm spontaneous resolution.

Immunologic
Failureb

• Incomplete immunologic response to therapy: Failure in a child aged <5 years with severe immune
suppression (CD4 percentage <15%) of CD4 percentage to increase by ≥5 percentage points or
failure in a child aged ≥5 years with severe immune suppression (CD4 < 200 cells/mm3) of absolute
CD4 cell counts to increase by ≥50 cells/mm3 above baseline within the first year of therapy.

•  Immunologic decline: Sustained decline of 5 percentage points in CD4 percentage below pre-
therapy baseline at any age or decline to below pre-therapy baseline in absolute CD4 cell count in
children aged ≥5 years.c

Clinical Failure •  Progressive neurodevelopmental deterioration: Two or more of the following on repeated
assessments: impairment in brain growth, decline in cognitive function documented by
psychometric testing, and clinical motor dysfunction.

•  Growth failure: Persistent decline in weight-growth velocity despite adequate nutritional support
and without other explanation.

•  Severe or recurrent infection or illness: Recurrence or persistence of AIDS-defining conditions or
other serious infections.

a Children with higher plasma HIV RNA levels at initiation of therapy, especially infants, may take longer to reach undetectable
viral load.7 HIV-infected adults with HIV RNA detectable above the level of quantification but <200 copies/mL after 6 months
of cART often ultimately achieve virologic suppression without regimen change.9

b At least 2 measurements (taken at least 1 week apart) should be performed to confirm initial laboratory results.
c Declines that represent a change to a more advanced category of immunosuppression compared with baseline (such as from

CD4 percentage of 28% to 23% or from CD4 cell count of 250 cells/mm3 to 150 cells/mm3) or to more severe
immunosuppression in those already suppressed at baseline (such as from CD4 percentage of 14% to 9% or from CD4 cell
count of 150 cells/mm3 to 100 cells/mm3) are of particular concern.
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Assessment of Patients with Virologic Failure of Antiretroviral Treatment  (Last updated
November 1, 2012; last reviewed November 1, 2012)

Each patient with an incomplete virologic response to therapy should be assessed to determine the cause of

treatment failure because the approach to management and subsequent treatment may differ depending on the

etiology of the problem. In most instances, treatment failure is multifactorial. Assessment of a child with

suspicion of virologic treatment failure should include evaluation of adherence to therapy, medication

intolerance, issues related to pharmacokinetics (PK) that could result in low drug levels or elevated,

potentially toxic levels, and evaluation of suspected drug resistance. The main barrier to long-term

maintenance of undetectable plasma viral load in adults and children is incomplete adherence to medication

regimens, with subsequent emergence of viral mutations conferring partial or complete resistance to one or

more of the components of the antiretroviral (ARV) regimen.

Table 19 outlines a comprehensive approach to evaluating causes of virologic treatment failure in children,

with particular attention to adherence. An extensive history should focus on the details of drug administration

as well as changes in the social and psychological circumstances of the family likely to impact the child’s

ability to adhere to therapy. In some situations, it may be necessary to directly observe drug-taking behaviors

either in the clinic, at home, or in the hospital because history alone may not fully identify the barriers to

complete adherence.1, 2

Adherence Problems (For more details, see Adherence to Antiretroviral Therapy in HIV-Infected Chil-

dren and Adolescents and Table 11.)

When treatment failure is observed, clinicians need to assess the likely contribution of adherence problems to

the failure of the current regimen. In patients on initial therapy, poor virologic response or widely fluctuating

Panel’s Recommendations

• Assess adherence to therapy; address barriers and develop interventions to improve adherence (AII).

• Assess medication intolerance (AIII).

• Assess issues related to pharmacokinetics because developmental and individual differences in drug absorption,
distribution, metabolism, and elimination can cause inadequate antiretroviral (ARV) drug exposure that can result in
combination antiretroviral therapy failure (AII).

• Perform ARV drug-resistance testing when virologic failure occurs, while a patient is still taking the failing regimen and
before changing to a new regimen (AI*).

• Perform assessment in collaboration with a pediatric HIV specialist (AI*).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: I = One or more randomized trials in children† with clinical outcomes and/or validated endpoints; I* = One or more
randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children† from one or
more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; II = One or more well-designed,
nonrandomized trials or observational cohort studies in children† with long-term outcomes; II* = One or more well-designed,
nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying data in children† from one or
more similar nonrandomized trials or cohort studies with clinical outcome data; III = expert opinion

† Studies that include children or children and adolescents but not studies limited to postpubertal adolescents
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viral loads—particularly in the presence of susceptible virus—are commonly an indication of poor

adherence. Depending on the specific drug regimen, even small lapses in adherence can lead to cART

failure.3-8 Although adherence should be addressed at each medical visit for all children receiving cART,

suspicion of treatment failure warrants increased scrutiny of adherence. Patterns of adherence can change

over time and may be influenced by a large number of factors inherent to the drugs as well as social and

psychological issues of children and their families.

It is important to evaluate whether adherence problems are related to drug formulation, number of pills, drug

dose timing and frequency, food or fasting requirements, or drug side effects in order to determine changes best

suited to the individual requirements of a child and his or her family. Family education concerning adherence

should be intensive and include training in the administration of prescribed medications with emphasis on the

importance of adherence to the drug regimen. Familial or social issues that impede adherence may need to be

addressed before adherence can be improved. Issues to be addressed include financial or housing insecurity,

concomitant mental health problems, need for substance abuse treatment, and fear of HIV disclosure. In some

situations, clinicians may need to involve outside agencies, such as child protective services, to ensure support

of a child’s treatment. Various interventions should be considered if problems within the household are extreme

and unlikely to resolve in favor of successfully supporting a child’s treatment. Frequent patient visits and

intensive follow-up may be necessary to support new adherence interventions and efforts by the child and the

family to improve adherence to the current or new regimen. Directly observed therapy (DOT) may be used to

identify additional factors impeding adherence as well as to confirm drug administration; however, durability

of adherence improvement is variable after DOT is discontinued.9

Pharmacokinetic Factors

Treatment failure can result from inadequate drug exposure as well as poor adherence.10 Children consistently

require higher weight-based dosing of ARV drugs than do adults because of developmental differences in

absorption, body composition, and metabolic activity through the pediatric age range.11 Causes of subtherapeutic

drug levels may include failure to increase dosing to accommodate for a child’s rapid growth or impaired

absorption because of gastrointestinal symptoms such as vomiting or diarrhea. Because drug exposure can be

enhanced or reduced by administering medications with food, a clinician should review the food/fasting

requirements of a regimen with both patient and caregiver. Drug interactions can alter drug metabolism;

therefore, all concomitant medications, including over-the-counter medications and nutritional and herbal

supplements, should be reviewed to evaluate whether they may be contributing to poor treatment response (see

the Guidelines for the Use of Antiretroviral Agents in HIV-1-Infected Adults and Adolescents). Several studies

suggest that genetic polymorphisms may influence PK and therapeutic response for a number of antiretroviral

(ARV) medications.12-14 In some circumstances, therapeutic drug monitoring can be considered for children

receiving selected drugs (see Role of Therapeutic Drug Monitoring in Management of Treatment Failure).

Suspected Drug Resistance (See Antiretroviral Drug-Resistance Testing)

ARV drug resistance may develop in children who are taking ARV drugs in the context of inadequate viral

suppression. Genotypic resistance testing can help assess adherence to therapy. If testing reveals no

resistance-associated mutations to the drugs in the current regimen, it is unlikely that the child is currently

taking these medications. The presence of mutations that confer resistance to one or more drugs in the

regimen is consistent with patient adherence (partial or full) to the regimen at that time, but failure of the

regimen to adequately suppress viral replication because of drug resistance. Because virus variants harboring

resistance mutations may decrease in frequency to below the limits of detection of standard resistance assays

in the absence of the selective pressure of ARV drugs, ARV resistance testing should be performed while a

patient is still taking the failing regimen or within 4 weeks of discontinuing the regimen. Resistance testing

can be used to assess reasons for current virologic failure and to identify active ARV medications for future

regimens. (See Antiretroviral Drug-Resistance Testing.) 
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Cause of
Virologic

Treatment Failure
Intervention

Non-Adherence 1. Interview child and caretaker

• Take 24-hour or 7-day recall

• Obtain description of:

• WHO gives medications

• WHEN medications are taken/given

• WHAT medications are taken/given
(names, doses)

• WHERE medications are kept/
administered

• Have open-ended discussion of
experiences taking/giving medications
and barriers/challenges

2. Review pharmacy records

• Assess timeliness of refills

3. Observe medication administration

• Observe dosing/administration in clinic

• Conduct home-based observation by
visiting health professional

• Admit to hospital for trial of therapy

• Observe administration/tolerance

• Monitor treatment response

4. Conduct psychosocial assessment

• Make a comprehensive family-focused
assessment of factors likely to impact
adherence with particular attention to
recent changes:

• Status of caregiver, housing, financial
stability of household, child/caretaker
relationships, school, and child’s
achievement level

• Substance abuse (child, caretaker,
family members)

• Mental health and behavior

• Child/youth and caretaker beliefs
about cART

• Disclosure status (to child and others)

• Identify or re-engage family members to
support/supervise adherence

• Establish fixed daily times and routines for
medication administration

• To avoid any patient/caregiver confusion with drug
names, explain that drug therapies have generic
names and trade names, and many agents are co-
formulated under a third or fourth name.

• Explore opportunities for facility or home-based DOT

• Simplify medication regimen, if feasible

• Substitute new agents if single ARV is poorly
tolerated

• Consider gastric tube placement to facilitate
adherence

• Consider DOT

• Use tools to simplify administration (e.g., pill boxes,
reminders [including alarms], integrated medication
packaging for AM or PM dosing)

• Suggest relaxation techniques

• Address competing needs through appropriate social
services

• Address and treat concomitant mental illness and
behavioral disorders

• Initiate disclosure discussions with family/child

• Consider need for child protective services and
alternate care settings when necessary

Table 19. Assessment of Causes of Virologic Antiretroviral Treatment Failure (page 1 of 2)

Assessment Method
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Cause of
Virologic
Treatment

Failure

Assessment Method Intervention

Pharmaco-
kinetics and
Dosing Issues 

1. Recalculate doses for individual
medications using weight or body surface
area.

2. Identify concomitant medications including
prescription, over-the-counter, and
recreational substances; assess for drug-
drug interactions.

3. Consider drug levels for specific ARV drugs
(see Role of Therapeutic Drug Monitoring in
Management of Treatment Failure).  

• Adjust drug doses

• Discontinue or substitute competing medications

• Reinforce applicable food restrictions

ARV Drug
Resistance 

1. Perform resistance testing, as appropriate
(see Antiretroviral Drug- Resistance Testing). 

• If minimal or no resistance detected to current drugs,
focus on improving adherence

• If resistance to current regimen detected, optimize
adherence and evaluate potential for new regimen
(see Approach to the Management of Virologic Failure
of Antiretroviral Treatment).

Table 19. Assessment of Causes of Virologic Antiretroviral Treatment Failure (page 2 of 2)

Key to Acronyms: ARV = antiretroviral, cART = combination antiretroviral therapy, DOT = directly observed therapy
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Approach to the Management of Virologic Failure of Antiretroviral Treatment  (Last
updated November 1, 2012; last reviewed November 1, 2012)

General

Note: This section will focus only on the management of virologic treatment failure. For patients with

immunologic failure or clinical failure in the setting of virologic suppression, non-HIV-related causes of

immunologic or clinical failure should be identified and addressed, though frequently no specific etiology is

identified. There is no consensus about the best management of immunologic or clinical failure in the setting

of sustained virologic suppression.

Once the potential causes of virologic treatment failure have been identified and addressed, the child should

be assessed to determine whether a change in antiretroviral (ARV) drug regimen is necessary and advisable.

This will depend on the urgency and likelihood of achieving and sustaining an undetectable plasma viral

load. The urgency of implementing a more effective treatment regimen depends on a child’s immunologic

status, with the greatest urgency in patients with clinical disease progression or clinical failure. The

likelihood of achieving and maintaining undetectable plasma viral load depends on the extent of drug

resistance, the number and quality of available agents that are active against a child’s virus, and the

likelihood of adherence to the new regimen. If poor adherence has been a major contributor to virologic

treatment failure, and factors contributing to poor adherence have not been adequately addressed, changing

the ARV drug regimen may not be advisable because it is not likely to result in virologic suppression and is

likely to promote accumulation of additional drug resistance mutations.

Timing of Initiation of a New Regimen: Relative Importance of Virologic Suppression
and Immunologic Improvement

Because immunologic improvement typically results from achieving undetectable plasma viral load,1 the

urgency of re-establishing virologic suppression depends on a child’s clinical and immunologic status. For

example, for older children or adolescents with severe immunosuppression (such as CD4 T lymphocyte

[CD4 cell] counts <200 cells/mm3), a change in therapy may be critical to prevent further immunologic

Panel’s Recommendations

• The causes of virologic treatment failure, which include poor adherence, drug resistance, poor absorption of medications,
inadequate dosing, and drug-drug interactions, should be assessed and addressed (AII).

• When deciding how to treat a child with virologic treatment failure, the probability of achieving durable virologic
suppression should be considered, as well as the future options for treatment, should durable suppression not be
achieved (AII).

• Children who experience treatment failure should be managed in collaboration with a pediatric HIV specialist (AI*).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: I = One or more randomized trials in children† with clinical outcomes and/or validated endpoints; I* = One or more
randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children† from one or
more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; II = One or more well-designed,
nonrandomized trials or observational cohort studies in children† with long-term outcomes; II* = One or more well-designed,
nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying data in children† from one or
more similar nonrandomized trials or cohort studies with clinical outcome data; III = expert opinion

† Studies that include children or children and adolescents but not studies limited to postpubertal adolescents
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decline or clinical disease progression and is strongly recommended. A patient with less immunosuppression

is likely at less risk of clinical disease progression in the short term, so an immediate change in therapy is

less urgent. However, continued treatment of a child with persistently detectable viremia increases the risk of

immunologic decline or clinical disease progression and leads to further accumulation of resistance

mutations, possibly further limiting future treatment options.2, 3 Finally, even in children with advanced

clinical and/or immunologic status, initiating a new regimen in the face of persistent adherence difficulties is

unlikely to result in virologic suppression, and it is likely to promote accumulation of additional resistance.

Likelihood of Viral Suppression Below the Limit of Detection Using the Most Sensitive
Assay

When deciding whether to change a child’s ARV drug regimen, a clinician must assess the likelihood that the

new regimen will achieve significantly better virologic control than the current regimen. Although complete

virologic suppression should be the goal, this may not always be achievable in HIV-infected children and

adolescents. Clinical benefit may be observed with decrements in HIV RNA levels that do not result in

undetectable levels.1 However, failure to maximally suppress plasma viral load is associated with an

increased probability of acquiring mutations associated with resistance.4 It is important that the clinician alert

the patient to potential toxicities and discuss strategies to minimize their impact. The likelihood of adherence

to a new regimen plays a significant role in determining whether to change an ARV regimen; if a child is

unlikely to adhere to a new regimen, resistance will develop and sustainable virologic suppression will not be

achieved. Although studies differ on the exact predictors of adherence, several contributing factors have been

noted. These include medication characteristics,5 psychosocial stressors,6, 7 health beliefs,8 and prior

adherence to medication (see Adherence to Antiretroviral Therapy in HIV-Infected Children and Adolescents

for more detail). Importantly, adherence to combination antiretroviral therapy (cART) may change rapidly

and unexpectedly with a change in family circumstances or as a child moves through progressive

developmental stages. Thus, a clinician may choose to target a new ARV regimen to start at a time when a

child and his or her family are most likely to adhere to the new regimen for a sustained period.

Categories of Children with Treatment Failure and Approaches to Consider

No Viral Drug Resistance Identified

Persistent viremia in the absence of detectable viral resistance to current medications suggests that the virus

is not being exposed to the ARV agents. This lack of ARV drug exposure is usually a result of nonadherence,

but it is important to exclude other factors such as poor drug absorption, incorrect dosing, and drug

interactions. If adequate drug exposure can be ensured, then adherence to the current regimen should result in

undetectable plasma levels. Resistance testing should take place while a child is on therapy. After

discontinuation of therapy, predominant plasma viral strains may quickly revert to wild-type and re-emerge

as the predominant viral population, in which case resistance testing may fail to reveal drug-resistant virus

(see Antiretroviral Drug-Resistance Testing). Thus, if a child on cART develops resistant virus and then stops

therapy, sensitive virus will dominate in the absence of therapy. In this situation, resuming the prior therapy

would fail to suppress the virus because the resistant virus would again emerge. An approach to identifying

resistance in this situation is to restart the prior medications while emphasizing adherence and repeat

resistance testing in 4 weeks if plasma virus remains detectable. If plasma virus is undetectable with the most

sensitive assays, the virus is likely to be susceptible to the current therapy.

Viral Resistance to Current Antiretroviral Therapy

The recommendation in this situation is to start a new cART regimen in order to fully suppress and sustain

plasma viral load below the limits of detection and prevent emergence of virus with additional resistance

mutations. This requires a regimen that includes at least two, and preferably three, fully active agents. The

choice of new agents should be based on current and past resistance testing (see Antiretroviral Drug-
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Resistance Testing), ART history, availability of new drugs and classes of agents, and consideration of

potential toxicities. Some ARV drugs (such as nucleoside reverse transcriptase inhibitors [NRTIs]) may

contribute partial ARV activity to an ARV regimen, despite drug resistance. Because of the potential for cross

resistance of some drugs within a single class, substituting a new drug from the same previously used class

does not ensure that the replacement drug will be fully active. This is particularly true for the non-nucleoside

reverse transcriptase inhibitors (NNRTIs) nevirapine and efavirenz, for which cross-resistance with drug

mutations is uniformly seen.

The availability of an increasing number of ARV drugs, including some with new viral targets, makes

complete virologic suppression achievable for many patients with treatment failure. Unfortunately, the lack

of pediatric formulations and dosing information for some of these agents limits the number of options

available for younger children. Thus, it remains difficult to identify a new, active regimen for many children

with extensive prior therapy (see The Use of Antiretroviral Agents Not Approved for Use in Children).

If difficulties contributing to poor adherence with the current regimen are likely to continue, emphasis and

effort should be placed on improving adherence before initiating a new regimen (see next section).

Extensive Viral Drug Resistance Such That Two Fully Active Agents Cannot be Identified or

Administered

In children for whom undetectable plasma virus is not achievable because two or more fully active agents

cannot be identified, the goal is to preserve immunologic function and prevent clinical disease progression

while preserving future options for new agents that are not yet available. Adult cohort studies suggest that

maintaining HIV viral load at <10,000 to 20,000 copies/mL may offer ongoing immunologic and clinical

benefit;9, 10 pediatric studies suggest that children receiving cART with viral load <1,000 to 5,000 copies/mL

may not achieve significantly better clinical and immunologic outcomes by changing therapy.3, 4, 11 Several

cohort studies show a clinical benefit of remaining on cART, regardless of whether it leads to a decrease in

viral load. The principal risk associated with continuing a failing regimen when no suppressive regimen is

available is the development of additional resistance mutations that can limit future treatment options. This

risk is especially true for NNRTI-containing regimens but also occurs with prolonged use of non-suppressive

protease inhibitor-containing regimens.2, 4, 12

The goal of continued treatment with an incompletely suppressive regimen is to select for resistant virus with

reduced viral fitness that will cause slower disease progression while minimizing risk of drug toxicity and

development of new resistance mutations to multiple classes of drugs. Simplified (often all-NRTI) “holding

regimens” are sometimes used in place of continuing a failing cART regimen (see Choice of Therapy When

Two Agents Cannot be Identified). The overall goal of these alternative strategies is to prevent clinical and

immunological progression until additional active drugs are available that can be used to design a regimen

that is expected to achieve undetectable plasma viral load.1, 13-21 This approach should be regarded as

acceptable but not ideal; these patients should be followed more closely than those with stable virologic

status and the potential for successful initiation of a fully suppressive ARV drug regimen should be

reassessed at every opportunity. Interrupting therapy completely will avoid new drug resistance, but

potentially at higher risk of immunologic or clinical progression (see Treatment Interruption).

When managing disease progression in patients with advanced disease and extensive resistance, quality of

life must be considered. The relative benefits (e.g., reduced viral fitness, continued clinical benefit despite

resistance) and burdens of continuing a failing ARV drug regimen should be discussed. Decisions to

continue, discontinue, or simplify cART should be made collaboratively with patients, families, and

clinicians and should be consistent with the patients’ or families’ stated values and goals for care.
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Children with Ongoing Adherence Problems as a Major Reason for Virologic Treatment

Failure

If there is evidence of poor adherence to the current regimen and an assessment that good adherence to a new

regimen is unlikely, emphasis and effort should be placed on improving adherence before initiating a new

regimen (see Adherence). Adherence in infants and younger children depends completely on their caregivers.

When other intensive measures to address adherence problems have failed and caretakers appear unable or

unwilling to administer medications, child protective services may need to be requested to assess the need for

additional support for current caretakers or for a change in caretaker. When efforts to improve adherence will

require several weeks or months, some clinicians may choose to continue the current non-suppressive

regimen or use a simplified, NRTI-only, non-suppressive regimen that may provide some clinical and

immunologic benefit while preserving future ARV drug choices (see Choice of Therapy with Extensive Drug

Resistance Such That Two Fully Active Agents Cannot Be Identified or Administered).13, 22, 23 Treatment with

non-suppressive regimens in such situations should be regarded as an acceptable but not ideal interim

strategy to prevent immunologic and clinical deterioration while working on adherence. Such patients should

be followed more closely than those with stable virologic status, and the potential to successfully initiate a

fully suppressive ARV drug regimen should be reassessed at every opportunity.

Complete treatment interruption for a persistently nonadherent patient should prevent accumulation of

additional drug resistance but has been associated with immunologic declines and poor clinical outcomes.24

However, the strategy of complete treatment interruption has not been fully evaluated in children. Although

complete treatment interruption is not recommended for cases of ongoing poor adherence, it is recognized

that some patients may decide on their own to stop all medications. Although careful monitoring and open

communication between provider and patient are always important, they are especially critical in these

situations (see Treatment Interruption).
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Choice of Next Antiretroviral Regimen for Virologic Treatment Failure with Evidence of
Drug Resistance  (Last updated November 1, 2012; last reviewed November 1, 2012)

General

After reaching a decision that a change in therapy is needed, a clinician should attempt to identify at least two,

but preferably three, fully active antiretroviral (ARV) agents from at least two different classes on the basis of

resistance test results, prior ARV exposure, acceptability to the patient, and likelihood of adherence.1-5 This

often requires using agents from one or more drug classes that are new to the patient. Substitution or addition

of a single drug to a failing regimen should not be done because it is unlikely to lead to durable virologic

suppression and will likely result in additional drug resistance. A drug may be new to the patient but have

diminished antiviral potency because of the presence of drug-resistance mutations that confer cross resistance

within a drug class. In children who are changing therapy owing to the occurrence or progression of abnormal

neurodevelopment, the new treatment regimen should include agents (such as zidovudine) that are known to

achieve higher concentrations in the central nervous system.6-10

A change to a new regimen must include an extensive discussion of treatment adherence and potential toxicity

with a patient in an age- and development-appropriate manner and with a patient’s caregivers. Clinicians must

recognize that conflicting requirements of some medications with respect to food and concomitant medication

restrictions may complicate administration of a regimen. Timing of medication administration is particularly

important to ensure adequate ARV drug exposures throughout the day. Palatability, size and number of pills,

and dosing frequency all need to be considered when choosing a new regimen.11

Choice of Therapy with Viral Resistance to Current Therapy: Goal of Complete
Virologic Suppression

Determination of a new regimen with the best chance for complete virologic suppression in children who

Panel’s Recommendations

• Antiretroviral (ARV) regimens should be chosen based on treatment history and drug-resistance testing, including both
past and current resistance test results (AI*).

• The new regimen should include at least two, but preferably three, fully active ARV medications with assessment of
anticipated ARV activity based on past treatment history and resistance test results (AII*).

• Interpretation of resistance test results showing complex combinations of mutations and assessment of future treatment
options should be made in collaboration with a pediatric HIV specialist (AI*).

• Use of novel agents with limited available pharmacokinetic and/or safety data in pediatric populations should be
undertaken only in collaboration with a pediatric HIV specialist (AIII). 

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: I = One or more randomized trials in children† with clinical outcomes and/or validated endpoints; I* = One or more
randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children† from one or
more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; II = One or more well-designed,
nonrandomized trials or observational cohort studies in children† with long-term outcomes; II* = One or more well-designed,
nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying data in children† from one or
more similar nonrandomized trials or cohort studies with clinical outcome data; III = expert opinion

† Studies that include children or children and adolescents but not studies limited to postpubertal adolescents
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have already experienced treatment failure should be made in collaboration with a pediatric HIV specialist.

ARV regimens should be chosen based on treatment history and drug-resistance testing to optimize ARV

drug potency in the new regimen. A general strategy for regimen change is shown in Table 20, although as

additional agents are licensed and studied for use in children, newer strategies that are better tailored to the

needs of each patient may be constructed. 

If a child has received initial therapy with a non-nucleoside reverse transcriptase inhibitor (NNRTI)-based

regimen, a change to a protease inhibitor (PI)-based regimen is recommended. Resistance to the NNRTI

nevirapine results in cross-resistance to the NNRTI efavirenz, and vice versa. However, the newer NNRTI

etravirine retains activity against nevirapine- or efavirenz-resistant virus (see below). If a child received

initial therapy with a PI-based regimen, a change to an NNRTI-based regimen is generally recommended.

Lopinavir/ritonavir-based regimens have also been shown to have durable ARV activity in some PI-

experienced children.12-14 Choice of the new dual-nucleoside reverse transcriptase inhibitor (NRTI)

component is particularly important when constructing a regimen because the choice of an insufficiently

potent NRTI may result in selection of additional NRTI-related drug-resistance mutations. Resistance testing

is essential to properly select a potent NRTI combination, and interpretation of these results should take place

in collaboration with an expert in pediatric HIV infection (see Antiretroviral Drug-Resistance Testing).

The availability of new drugs in existing classes (e.g., the NNRTI etravirine) and new classes of drugs (e.g.,

integrase inhibitors) increases the likelihood of finding three active drugs, even for children with extensive

drug resistance (Table 20). In studies of adults, etravirine retains activity against nevirapine- or efavirenz-

resistant viruses when used in a regimen that also contains darunavir/ritonavir and if the number of NNRTI

resistance-associated mutations is limited.15, 16 Etravirine in combination with ritonavir-boosted darunavir, as

part of a new combination antiretroviral therapy (cART) regimen, has been shown to be a safe and effective

option for children in whom cART fails.17, 18 Etravirine is approved for use in children aged ≥6 years;17, 19

studies in younger children are under way. Studies of treatment-experienced adult and adolescent patients

have shown that using one or more new class(es) of drug (e.g., integrase inhibitors, entry inhibitors), often

coupled with a ritonavir-boosted PI (e.g., darunavir) in PI-experienced patients with multidrug-resistant

virus, is associated with good virologic responses.20-23 Raltegravir, in combination with optimized

background therapy, was safe and effective in treatment-experienced children aged 2 to 16 years,24 for whom

it is Food and Drug Administration (FDA)-approved. Use of newer agents in novel combinations is

becoming more common in aging perinatally infected youth in the United States.25 It is important to review

individual drug profiles for information about drug interactions and dose adjustment when devising a

regimen for children with multi-class drug resistance. Appendix A: Pediatric Antiretroviral Drug Information

provides more detailed information on drug formulation, pediatric and adult dosing, and toxicity, as well as

discussion of available pediatric data for the approved ARV drugs, including new drugs in existing classes

such as darunavir and agents in new classes of drugs such as CCR5 antagonists (e.g., maraviroc, approved

for use in adolescents aged ≥16 years) and integrase inhibitors (e.g., raltegravir, approved for use in children

aged ≥2 years [FDA, December 21, 2011]).

Previously prescribed drugs that were discontinued because of poor tolerance or poor adherence may sometimes

be reintroduced if ARV resistance did not develop and if prior difficulties with tolerance and adherence can be

overcome (such as by switching from a liquid to pill formulation or to a new formulation [such as ritonavir

tablet]). Limited data in adults suggest that continuation of lamivudine can contribute to suppression of HIV

replication despite the presence of lamivudine resistance mutations and can maintain lamivudine mutations

(184V) that can partially reverse the effect of other mutations conferring resistance to zidovudine, stavudine, and

tenofovir.26-28 The use of new drugs that have been evaluated in adults but have not been fully evaluated in

children may be justified and ideally is done in the framework of a clinical trial (see The Use of Antiretroviral

Agents Not Approved for Use in Children). Expanded access programs or clinical trials may be available. New

drugs should be used in combination with at least one, and ideally two, additional active agents.
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The HIV entry inhibitor enfuvirtide is approved for use in heavily treatment-experienced patients based on

potent ARV activity in heavily treatment-experienced adults; it has been approved for use in children aged ≥6

years.29, 30 Studies have helped establish safety, appropriate dosing, and efficacy of enfuvirtide in treatment-

experienced children aged ≥6 years.31, 32 Enfuvirtide must be administered by subcutaneous injection twice daily,

a disadvantage that presents a greater challenge to adherence in adolescents than in younger children.

Enfuvirtide can be considered an option when designing a new regimen for children in whom multiple classes of

ARV medications have failed, but newer and better tolerated agents have largely supplanted use of enfuvirtide.

Pharmacokinetic (PK) studies of certain dual-boosted PI regimens (lopinavir/ritonavir with saquinavir and

lopinavir/ritonavir with atazanavir/ritonavir) suggest that PK targets for both PIs can be achieved or exceeded

when used in combination in adults33-35 and in children.36-38 PK studies of other dual-boosted PI combinations

are limited but suggest inadequate drug levels of one or both PIs.39, 40 A study in Thailand of 50 PI-naive but

NRTI +/- NNRTI-experienced children treated with a combination of lopinavir/ritonavir (230/57.5 mg/m2 twice

daily) and saquinavir (50 mg/kg twice daily, maximum dose 1000 mg) demonstrated trough levels of both PIs

at or above therapeutic targets and complete viral suppression at 48 weeks in ≥50% of patients. The use of

multidrug regimens, sometimes including up to 3 PIs and/or 2 NNRTIs, has shown efficacy in a pediatric case

series;41 however, multidrug regimens should be used cautiously because of their complexity, poor tolerability,

and unfavorable drug-drug interactions. Therapeutic drug monitoring may be helpful for confirming therapeutic

PI levels when using PIs in combinations that result in complex drug interactions or when there is partially

reduced PI activity because of the presence of drug-resistance mutations (see Role of Therapeutic Drug

Monitoring in Management of Treatment Failure). Availability of newer potent PIs and new classes of ARV

drugs (integrase and CCR5 inhibitors) may lessen the need for dual-PI regimens.

When searching for at least two fully active agents in cases of extensive drug resistance, clinicians should

consider the potential availability and future use of newer therapeutic agents that may not be studied or

approved in children or may be in clinical development (see The Use of Antiretroviral Agents Not Approved

for Use in Children). Information concerning potential clinical trials can be found at

http://aidsinfo.nih.gov/clinical-trials and through collaboration with a pediatric HIV specialist. Children

should be enrolled in clinical trials of new drugs whenever possible.

Therapeutic Options When Two Fully Active Agents Cannot Be Identified or
Administered

It may be impossible to provide an effective and sustainable therapeutic regimen because no combination of

currently available agents is active against extensive drug-resistant virus in a patient or because a patient is

unable to adhere to or tolerate cART.

In such cases, non-suppressive regimens (or holding regimens) are sometimes used pending availability of

additional active, tolerable drugs or improvement in ability to adhere. This interim strategy allows for the

overall objective of preventing clinical and immunological deterioration until new agents are available to

design a regimen that can be expected to achieve undetectable plasma viral load. This approach should be

regarded as acceptable but not ideal. Such patients should be followed more closely than those with stable

virologic status, and the potential to successfully initiate a fully suppressive cART regimen should be

reassessed at every opportunity.

Even when NRTI drug-resistance mutations are present, patients can derive immunologic and clinical benefit

despite persistent viremia from treatment with lamivudine monotherapy or with lamivudine or emtricitabine

in combination with one or more other NRTIs, such as zidovudine, stavudine, abacavir, or tenofovir.42, 43

The newer NNRTI etravirine retains activity against many nevirapine- or efavirenz-resistant viruses with a

limited number of NNRTI resistance-associated mutations. Ongoing use of efavirenz or nevirapine as part of

a failing regimen should be avoided because it may lead to accumulation of additional NNRTI resistance
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mutations that will reduce etravirine activity and preclude its use in a future, suppressive regimen,44 and it

may allow for accumulation of additional NRTI resistance.45

Continued use of a PI in the face of persistent viremia can lead to accumulation of additional mutations

conferring resistance to that PI as well as other, newer PIs. Such acquisition of additional PI drug resistance

occurs slowly, especially if the viral load is relatively low.46-49 However, continued PI use in the presence of

resistance may limit viral replication and be beneficial to some patients.

When clinical or immunologic deterioration occurs while patients are receiving such holding regimens, it is

important to re-assess patient readiness and regimen availability. It may be appropriate to use investigational

agents or agents approved for older age groups as second fully active drugs in the new regimen (see The Use

of Antiretroviral Agents Not Approved for Use in Children). In general, a single, new, fully active agent

should not be added to non-suppressive holding regimens because resistance is likely to develop quickly. 

Table 20. Options for Regimens with at Least Two Fully Active Agents with Goal of Virologic

Suppression in Patients With Failed Antiretroviral Therapy and Evidence of Viral Resistancea
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Prior Regimen Recommended Change (in order of relative preference)a

2 NRTIs + NNRTI • 2 NRTIs + PI

• 2 NRTI + integrase inhibitorb

2 NRTIs + PI • 2 NRTIs + NNRTI

• 2 NRTIs + alternative RTV-boosted PI

• 2 NRTIs + integrase inhibitorb

• NRTI(s) + integrase inhibitor + (NNRTI or alternative RTV-boosted PI)

3 NRTIs • 2 NRTIs + (NNRTI or PI)

• 2 NRTIs + integrase inhibitorb

• Integrase inhibitorb + 2 other active agents (chosen from NNRTI, PI, NRTI[s])

Failed regimen(s) that
included NRTI(s),
NNRTI(s), and PI(s)

• > 1 NRTI + RTV-boosted PI

• NRTI(s) + RTV-boosted PI + integrase inhibitorb (consider adding T-20 and/or MVC,c if
additional active drug[s] needed)

• NRTI(s) + RTV-boosted DRV, LPV or SQV + ETR (consider adding one or more of MVC,c T-20,
or integrase inhibitor,b if additional active drug[s] needed)

• > 1 NRTI + 2 RTV-boosted PIs (LPV/r + SQV, LPV/r + ATV) (consider adding T-20 or an
integrase inhibitorb if additional active drug[s] needed)

a ARV regimens should be chosen based on treatment history and drug-resistance testing to optimize ARV drug effectiveness.
This is particularly important in selecting NRTI components of an NNRTI-based regimen where drug resistance to the NNRTI
can occur rapidly if the virus is not sufficiently sensitive to the NRTIs. Regimens should contain at least two, but preferably
three, fully active drugs for durable, potent virologic suppression. Please see individual drug profiles for information about
drug interactions and dose adjustment when devising a regimen for children with multi-class drug resistance. Collaboration
with a pediatric HIV specialist is especially important when choosing regimens for children with multi-class drug resistance.
Regimens in this table are listed in relative order of preference and are provided as examples but the list is not exhaustive.

b Caution advised when using raltegravir in children aged ≤6 years because pharmacokinetic and efficacy data are particularly
limited in this age group.

c No current FDA-approved pediatric indication for maraviroc. 

Key to Acronyms: ATV = atazanavir, DRV = darunavir, ETR = etravirine, LPV = lopinavir, LPV/r = lopinavir/ritonavir, 
MVC = maraviroc, NNRTI = non-nucleoside reverse transcriptase inhibitor, NRTI = nucleoside reverse transcriptase inhibitor, 
PI = protease inhibitor, RTV = ritonavir, SQV = saquinavir, T-20 = enfuvirtide
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The Use of Antiretroviral Agents Not Approved for Use In Children  (Last updated
November 1, 2012; last reviewed November 1, 2012)

It has long been the practice of physicians, especially pediatricians, to prescribe medications in off-label

situations, meaning for indications or populations that do not fall within the official, Food and Drug

Administration (FDA)-approved indication.1 The relatively small market for pediatric antiretroviral (ARV)

drugs and few children available to participate in clinical trials have delayed or prevented studies to obtain an

FDA pediatric label indication for some ARV drugs at the same time their use in adults is approved. Pediatric

HIV specialists may need to prescribe these agents because drugs currently available for pediatric use afford

few options for heavily treated children and adolescents with high levels of resistance and because the newer

agents offer improvements in tolerability and ease of adherence with less frequent dosing.

One distinct advantage of some of the newer medications is improved tolerability. Examples include a

reduction in frequency or severity of side effects with newer protease inhibitors (PIs) and the ability to create

simpler regimens using fixed-dose combination tablets or once-daily preparations. The incentive to use these

drugs to avoid toxicities and simplify regimens is that these regimens will lead to improved adherence, and

thus, better long-term outcomes.

Another major factor leading to off-label use of ARVs has been the development of new drugs belonging to

novel classes of agents effective against resistant virus. In the United States, many older perinatally infected

children have extensive drug resistance resulting from treatment with multiple non-suppressive regimens.

Cross resistance between fully approved ARVs within a class makes it difficult to find a combination of

agents likely to fully suppress the virus. In an effort to create a regimen likely to achieve complete virologic

suppression in an individual patient, providers must identify at least two and preferably three drugs with

demonstrated activity against the patient’s virus. Success is almost impossible in heavily treatment-

experienced children using only drugs with approved pediatric label indications; thus providers may use

Panel’s Recommendations

• Children may need to use antiretroviral (ARV) drugs that are not yet approved for their age because many of the recently
approved, more convenient, and potent agents are approved for use in adults before pharmacokinetic (PK), safety, and
efficacy data are available in children (AII).

• Dosing in a child of ARVs only approved for adults cannot simply be inferred from a simple calculation using the adult
dose and the child’s weight (AII). Such use of ARVs should always be done in collaboration with a pediatric HIV
specialist, who may have access to unpublished data about safety and PKs of ARVs that are not yet Food and Drug
Administration (FDA)-approved for children (AI*).

• Whenever possible, use of ARVs that are not yet FDA-approved for children should be done in the context of clinical trials
that can generate the data needed for pediatric approval (AIII).

Rating of Recommendations: A = Strong; B = Moderate; C = Optional

Rating of Evidence: I = One or more randomized trials in children† with clinical outcomes and/or validated endpoints; I* = One or more
randomized trials in adults with clinical outcomes and/or validated laboratory endpoints with accompanying data in children† from one or
more well-designed, nonrandomized trials or observational cohort studies with long-term clinical outcomes; II = One or more well-designed,
nonrandomized trials or observational cohort studies in children† with long-term outcomes; II* = One or more well-designed,
nonrandomized trials or observational studies in adults with long-term clinical outcomes with accompanying data in children† from one or
more similar nonrandomized trials or cohort studies with clinical outcome data; III = expert opinion

† Studies that include children or children and adolescents but not studies limited to postpubertal adolescents
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drugs not yet approved for children in order to provide optimal virologic response.

The use of agents not yet approved for pediatric use causes some difficulties. One of the major issues is lack

of data on appropriate dosing in children. Agents are approved for adult use before being approved for

pediatric use because safety and pharmacokinetic (PK) studies in children have not yet been completed.

Sometimes studies in children are ongoing and some data are available, but other times, pediatric studies

have not yet begun. It is essential for providers prescribing agents for off-label use to consult with pediatric

HIV experts to avail themselves of the latest information from ongoing studies.

The possibility of age-related side effects is another concern when initiating off-label ARV use. To date, no

ARV has been found to have adverse effects that preclude use uniquely in children, but until an agent has

been tested in children, it cannot be considered to be free of such an effect. In addition, adverse effects noted

in adults may be of more substantial concern in a growing and developing child.

Difficulties in pediatric dosing for off-label use of ARV drugs are even more problematic than the potential

for adverse effects. As absorption, hepatic metabolism, and excretion change with age, so will drug levels

change in children.2 The difficulty in dosing children as they increase in weight is exacerbated by changing

PKs. In clinical trials of several ARV agents, direct extrapolation of a pediatric dose from an adult dose,

based on a child’s body weight or body surface area, was shown to result in an underestimation of the

appropriate pediatric dose.3

In summary, use of ARV agents without a pediatric indication is an absolute necessity for treatment of some

HIV-infected children, but such off-label use must be done with care. It is essential that a provider consult

with a pediatric HIV specialist to identify any particular concerns with each agent, to access any

available data from clinical trials or other limited off-label pediatric use, and to investigate the

availability of suitable clinical trials.
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Role of Therapeutic Drug Monitoring in Management of Treatment Failure  
(Last updated August 11, 2011; last reviewed November 1, 2012)
Therapeutic drug monitoring (TDM) is use of plasma drug concentration measurements as part of a strategy to

optimize drug dosing to minimize toxicity and maximize treatment benefit. TDM can be considered for use in

combination antiretroviral therapy because:1, 2

• Interpatient variability in antiretroviral (ARV) exposure (i.e., plasma drug concentrations) using

standard recommended doses is high;

• Low drug exposure can lead to suboptimal virologic response to therapy; and

• High plasma concentrations can be associated with increased risk of drug toxicity.

Developmental pharmacokinetic differences contribute to greater variability and a greater frequency of

suboptimal ARV exposure in pediatric patients than in adults.3 Pediatric dosing is designed to mimic adult

exposure and rarely reflects the maximum tolerated ARV drug dose. Even when using dose recommendations

from published pediatric guidelines, children often receive inadequate ARV doses.4

There are two main situations in which TDM may be useful in a child who is failing therapy. First, TDM can be

used to rule out subtherapeutic drug levels as a cause of failure. Such inadequate drug levels could result from

malabsorption, drug interactions, poor adherence, or increased drug metabolism or clearance. Second, drug

levels can be used to optimize drug dosage when changing to a new regimen in a patient whose virus has

reduced susceptibility to that drug.

For TDM to be useful, the relationship between ARV drug concentrations and anti-HIV effects must be clearly

defined.5-7 This association is strongest with protease inhibitors (PI) and non-nucleoside reverse transcriptase

inhibitors (NNRTIs),8 but maintaining adequate nucleoside reverse transcriptase inhibitor (NRTI) serum

concentrations also has been shown to be important for maximal anti-HIV activity.9 The exposure-toxicity

response relationship is less well defined for NRTI drugs but has been determined for some agents.7

Concentration-response relationships have been established with minimum plasma concentrations (Cmin or

Ctrough) or area under the curve (AUC), but the optimal measure is not defined for all ARV drugs.10

Table 21 presents recommendations for the minimum target trough concentrations of PIs and NNRTIs in

patients without evidence of resistance to those drugs. In ARV-experienced patients, the choice of minimum

target trough concentration should be based on results of resistance testing.11-13 Although it is intrinsically

difficult to demonstrate benefit of TDM using double-blind studies, limited data suggest targeted

concentrations can be achieved with TDM, clinical responses can be improved with increased or modified

doses, and TDM information can be helpful in decision making.8, 14-18 Clinicians should consult with a pediatric

HIV specialist or pharmacologist in making these decisions.

TDM is not recommended for routine use but may be considered potentially useful for patients:

• In whom clinical response is different from that expected;

• Who are treatment experienced and infected with virus with reduced drug susceptibility, where a

comparison of the drug susceptibility of the virus and the achieved drug concentrations may be useful;

• Who may experience potential difficulties with drug administration related to suboptimal dietary intake

or malabsorption, incorrect dosing or caregiver measuring errors, or concerns surrounding adherence;

and

• Who experience drug or food interactions, including interactions resulting from alteration of drug

formulations by crushing medications or mixing them with various foods and liquids.
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Current limitations for pediatric ARV TDM include:

• Prolonged time for laboratory processing in the face of potentially diminishing benefit the longer a

patient is on inadequate therapy;

• Difficulties in coordinating sample collections at appropriate times, which make determination of true

Cmin or AUC difficult;

• High intrapatient variability from single drug concentration measurements may complicate

interpretation of results;19, 20

• Single trough measurements within the target range, which do not guarantee consistent adequacy of

drug exposure or therapeutic success;

• Inadequate information on safety and effectiveness of dose adjustment strategies in children and

adolescents;

• Limited availability of certified laboratories capable of assaying drug concentrations; and

• Lack of third-party reimbursement of costs associated with TDM.

Table 21. Suggested Minimum Target Trough Concentrationsa
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Drug Concentration (ng/mL)

Atazanavir 150

Fosamprenavir 400 
(measured as amprenavir concentration)

Indinavir 100

Lopinavir 1,000

Nelfinavir (measurable active [M8] metabolite) 800

Saquinavir 100–250

Efavirenz 1,000

Nevirapine 3,000

Recommendations applicable only to treatment-experienced persons who have resistant HIV-1 strains 

Maraviroc >50

Tipranavir 20,500

a Reprinted from: Guidelines for the use of antiretroviral agents in HIV-1-infected adults and adolescents. Department of Health
and Human Services. http://aidsinfo.nih.gov/contentfiles/lvguidelines/adultandadolescentgl.pdf.
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Discontinuation or Interruption of Therapy  (Last updated November 1, 2012; last
reviewed November 1, 2012)
General

Discontinuation of combination antiretroviral therapy (cART) may be indicated in some situations, including

serious treatment-related toxicity, acute illnesses or planned surgeries that preclude oral intake, lack of

available medication, or patient or parent request. Observational studies of children and youth with

unplanned or non-prescribed treatment interruptions suggest that interruptions are common, most patients

will experience immunologic decline during the treatment interruption, and most restart therapy.1-3 Although

events precipitating ART interruptions are usually unplanned, planned discontinuation of therapy was

considered as a potential strategy to reduce toxicity, costs, and drug-related failure associated with ART.

While one trial of children randomized to structured treatment interruptions (STI) with CD4-guided

resumption of cART reported no serious clinical outcomes,4 adult trials have demonstrated significantly

higher morbidity and mortality in adults randomized to STI compared with continuous cART.5 Long-term

STI as a drug-sparing strategy or to give patients “drug holidays” is not recommended for children or adults

outside of a clinical trial. The discussion below provides more detailed guidance for interruption of cART

and the risks and benefits in specific situations.

Short-Term Therapy Interruption

In children, short-term therapy interruptions are most often necessitated by acute illnesses that limit oral

intake. These illnesses are often infectious diseases that result in vomiting and/or diarrhea. A clinician has no

choice but to stop all therapy at the same time. Planned short-term interruption of therapy may also be

required in the event of surgery or sedation for procedures; however, when possible, patients should be

allowed to continue regular cART with minimal fluid intake. For a prolonged period of restricted oral intake,

all drugs in an ARV regimen should be stopped at the same time if the medications have similar half-lives. In

the case of serious or life-threatening ARV drug toxicity, all drugs should be stopped immediately.

Efavirenz and nevirapine have very long half-lives and can be detected for 21 days or longer after

discontinuation.6-9 As the other drugs with shorter half-lives are cleared, only nevirapine or efavirenz may

persist, resulting in functional monotherapy, which can increase risk of selection of non-nucleoside reverse

transcriptase inhibitors (NNRTI)-resistant mutations. Certain genetic polymorphisms that are more common

in certain racial and ethnic groups (i.e., African Americans, Hispanics) may result in a slower rate of drug

clearance.8, 9 To prevent this functional monotherapy, some experts recommend stopping the NNRTI first and

continuing the other ARV drugs (NRTI backbone or protease inhibitor [PI]) for a period of time.7 An

alternative is to substitute a PI for the NNRTI up to 4 weeks before interrupting all drugs; however, there are

no data to support this practice. Studies are ongoing in adults to help determine an effective strategy, but

information in children is unavailable and, because the PKs of these agents are different in children, the

recommendations for adults may not be applicable.10-12

An additional consideration is reintroduction of nevirapine. Currently, a 2-week, half-dose escalation is

recommended in patients who are started on nevirapine. Dose escalation is used because nevirapine induces its

own metabolism by inducing CYP3A4 metabolic liver enzymes; thus, initial administration of the full therapeutic

dose will result in elevated drug levels until metabolic enzyme induction has occurred. Lower rates of rash

toxicity have been observed with the 2-week dose escalation.10 In cases where nevirapine has been discontinued

for more than 2 weeks, another 2-week dose escalation is recommended when the drug is reintroduced. 

Long-Term Structured Treatment Interruptions

Strategies for STI for long periods of time traditionally have been proposed with the aim of reducing

toxicities and costs associated with long-term cART. 
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In adults, two large, randomized clinical trials have demonstrated increased morbidity when CD4 T

lymphocyte (CD4 cell) count was used as an indication to stop and start therapy. The Strategies for

Management of Antiretroviral Therapy (SMART) trial stopped cART when the CD4 cell count was >350

cells/mm3 and reintroduced therapy when the count was <250 cells/mm3. Compared with the group receiving

continuous cART, the STI group had an increased risk of disease progression and death.5 Interruption of

cART was also associated with elevations in biomarkers of inflammation that were predictive of morbidity

and mortality independent of CD4 cell count.13 Similarly, in the TRIVICAN trials, which used the same CD4

cell count triggers to stop and restart therapy, STI was shown to be inferior.14 Studies in adults using a CD4

cell count <350 cells/mm3 as a trigger to restart therapy did not report significant differences in serious

disease progression or death.15, 16 However, another large cohort study in Italy showed an increased risk of

disease progression after interruption of first-line therapy.17 In light of these data, the current Department of

Health and Human Services guidelines for adults recommend against planned long-term STI in adults (see

Adult and Adolescent Treatment Guidelines).

In children, there have been fewer studies of long-term STI. In one study, children with controlled viral load

(HIV RNA <400 copies/mL for >12 months) were subjected to increasing intervals of treatment interruption.

Of 14 children studied, 4 maintained undetectable viral loads with interruptions of up to 27 days. It has been

hypothesized that enhanced HIV-specific immune responses may play a role in the viral suppression.18

However, new drug-resistance mutations were detected in 3 of 14 children in the STI study. In the European

(PENTA) trial, 109 children with virologic suppression on cART were randomized to continuous therapy

(CT) versus treatment interruption with CD4-guided re-initiation of cART. On average, CD4 values

decreased sharply in the first 10 weeks after STI. However, most children in the STI arm (almost 60%) did

not reach CD4 criteria to restart therapy over 48 weeks. Children in the STI arm spent significantly less time

on cART than children in the CT arm.4 None of the children in the trial experienced serious clinical illnesses

or events, and the appearance of new drug-resistance mutations did not differ between the two arms.4

In some populations of children, STI has been more specifically considered. In the United States and other

developed countries, most HIV-infected children begin cART during infancy.19, 20 Many of them have had

controlled viral replication for many years and are growing and developing normally. One trial was designed

to answer whether infants who initiated cART early could safely discontinue therapy at some point and

reinitiate treatment based on CD4 cell decline. The CHER study in South Africa assessed outcomes in infants

randomized to deferred cART (initiation driven by CDC stage and CD4 status), immediate cART with

interruption after 40 weeks, or immediate cART with interruption after 96 weeks.21, 22 While the two arms of

interrupted therapy led to better outcomes compared to the deferred arms, up to 80% of infants had to restart

therapy by the end of follow-up. The long-term outcomes in children after this interruption remain unknown

and it is unclear if the short period of time on cART saved by most children merits the potential risks

associated with cessation. Another scenario often raised involves patients who have limited treatment options

and who cannot achieve an undetectable viral load despite aggressive cART. In such cases, continuation of

non-suppressive therapy is recommended because, despite detectable viral replication, immunologic benefit

has been well documented.23-26

Given the increased availability of medications with less toxicity, the potential benefits of long-term STI may

be decreasing. Current data do not support use of long-term STI in clinical care of HIV-infected children. 

References 
1. Gibb DM, Duong T, Leclezio VA, et al. Immunologic changes during unplanned treatment interruptions of highly active

antiretroviral therapy in children with human immunodeficiency virus type 1 infection. Pediatr Infect Dis J. May

2004;23(5):446-450. Available at http://www.ncbi.nlm.nih.gov/pubmed/15131469.

2. Saitoh A, Foca M, Viani RM, et al. Clinical outcomes after an unstructured treatment interruption in children and



Downloaded from http://aidsinfo.nih.gov/guidelines on 2/20/2013 EST.

Guidelines for the Use of Antiretroviral Agents in Pediatric Infection L-36

adolescents with perinatally acquired HIV infection. Pediatrics. Mar 2008;121(3):e513-521. Available at

http://www.ncbi.nlm.nih.gov/pubmed/18310171.

3. Siberry GK, Patel K, Van Dyke RB, et al. CD4 + lymphocyte-based immunologic outcomes of perinatally HIV-infected

children during antiretroviral therapy interruption. J Acquir Immune Defic Syndr. Jul 1 2011;57(3):223-229. Available at

http://www.ncbi.nlm.nih.gov/pubmed/21423022.

4. Paediatric European Network for Treatment of AIDS. Response to planned treatment interruptions in HIV infection varies

across childhood. AIDS. Jan 16 2010;24(2):231-241. Available at http://www.ncbi.nlm.nih.gov/pubmed/20010073.

5. Strategies for Management of Antiretroviral Therapy Study G, El-Sadr WM, Lundgren JD, et al. CD4 + count-guided

interruption of antiretroviral treatment. N Engl J Med. Nov 30 2006;355(22):2283-2296. Available at

http://www.ncbi.nlm.nih.gov/pubmed/17135583.

6. Cressey TR, Jourdain G, Lallemant MJ, et al. Persistence of nevirapine exposure during the postpartum period after

intrapartum single-dose nevirapine in addition to zidovudine prophylaxis for the prevention of mother-to-child

transmission of HIV-1. J Acquir Immune Defic Syndr. Mar 1 2005;38(3):283-288. Available at

http://www.ncbi.nlm.nih.gov/pubmed/15735445.

7. Mackie NE, Fidler S, Tamm N, et al. Clinical implications of stopping nevirapine-based antiretroviral therapy: relative

pharmacokinetics and avoidance of drug resistance. HIV Med. May 2004;5(3):180-184. Available at

http://www.ncbi.nlm.nih.gov/pubmed/15139985.

8. Nolan D, Phillips E, Mallal S. Efavirenz and CYP2B6 polymorphism: Implications for drug toxicity and resistance.

Clin Infect Dis. Feb 1 2006;42(3):408-410. Available at http://www.ncbi.nlm.nih.gov/pubmed/16392090.

9. Ribaudo HJ, Haas DW, Tierney C, et al. Pharmacogenetics of plasma efavirenz exposure after treatment

discontinuation: An Adult AIDS Clinical Trials Group Study. Clin Infect Dis. Feb 1 2006;42(3):401-407. Available at

http://www.ncbi.nlm.nih.gov/pubmed/16392089.

10. Luzuriaga K, Bryson Y, McSherry G, et al. Pharmacokinetics, safety, and activity of nevirapine in human

immunodeficiency virus type 1-infected children. J Infect Dis. Oct 1996;174(4):713-721. Available at

http://www.ncbi.nlm.nih.gov/pubmed/8843207.

11. Starr SE, Fletcher CV, Spector SA, et al. Combination therapy with efavirenz, nelfinavir, and nucleoside reverse-

transcriptase inhibitors in children infected with human immunodeficiency virus type 1. Pediatric AIDS Clinical Trials

Group 382 Team. N Engl J Med. Dec 16 1999;341(25):1874-1881. Available at

http://www.ncbi.nlm.nih.gov/pubmed/10601506.

12. Starr SE, Fletcher CV, Spector SA, et al. Efavirenz liquid formulation in human immunodeficiency virus-infected

children. Pediatr Infect Dis J. Jul 2002;21(7):659-663. Available at http://www.ncbi.nlm.nih.gov/pubmed/12237599.

13. Kuller LH, Tracy R, Belloso W, et al. Inflammatory and coagulation biomarkers and mortality in patients with HIV

infection. PLoS Med. Oct 21 2008;5(10):e203. Available at http://www.ncbi.nlm.nih.gov/pubmed/18942885.

14. Danel C, Moh R, Minga A, et al. CD4-guided structured antiretroviral treatment interruption strategy in HIV-infected

adults in west Africa (Trivacan ANRS 1269 trial): A randomised trial. Lancet. Jun 17 2006;367(9527):1981-1989.

Available at http://www.ncbi.nlm.nih.gov/pubmed/16782488.

15. Ananworanich J, Gayet-Ageron A, Le Braz M, et al. CD4 guided scheduled treatment interruptions compared to

continuous therapy: Results of the staccato trial. Abstract 102. Paper presented at:13th Conference on Retroviruses and

Opportunistic Infections; February 5-8, 2006; Denver, CO. Available at

http://www.retroconference.org/2006/Abstracts/26596.htm.

16. Marchou B, Tangre P, Charreau I, et al. Structured treatment interruptions in HIV-infected patients with high CD4 cell

counts and virologic suppression: Results of a prospective, randomized, open-lable trial (window-anrs 106). Abstract

104. Paper presented at:13th Conference on Retroviruses and Opportunistic Infections; February 5-8, 2006; Denver,

CO. Available at http://www.retroconference.org/2006/Abstracts/26544.htm.



Downloaded from http://aidsinfo.nih.gov/guidelines on 2/20/2013 EST.

17. d'arminio Monforte A, Cozzi-Lepri A, Phillips A, et al. Interruption of highly active antiretroviral therapy in HIV

clinical practice: results from the Italian Cohort of Antiretroviral-Naive Patients. J Acquir Immune Defic Syndr. Apr 1

2005;38(4):407-416. Available at http://www.ncbi.nlm.nih.gov/pubmed/15764957.

18. Borkowsky W, Mcfarland E, Yogev R, et al. Repeated supervised treatment interruption with progressive increases in

"Off treatment" Duration results in enhanced virologic control in a subset of pediatric individuals. Abstract 19. Paper

presented at: 13th Conference on Retroviruses and Opportunistic Infections; February 5-8, 2006; Denver, CO. Available

at http://www.retroconference.org/2006/Abstracts/27140.htm.

19. Brogly S, Williams P, Seage GR 3rd, et al. Antiretroviral treatment in pediatric HIV infection in the United States: from

clinical trials to clinical practice. JAMA. May 11 2005;293(18):2213-2220. Available at

http://www.ncbi.nlm.nih.gov/pubmed/15886376.

20. Liu KL, Peters V, Weedon J, Thomas P, Dominguez K. Sex differences in morbidity and mortality among children with

perinatally acquired human immunodeficiency virus infection in New York City. Arch Pediatr Adolesc Med. Dec

2004;158(12):1187-1188. Available at http://www.ncbi.nlm.nih.gov/pubmed/15583107.

21. Violari A, Cotton MF, Gibb DM, et al. Early antiretroviral therapy and mortality among HIV-infected infants. N Engl J

Med. Nov 20 2008;359(21):2233-2244. Available at http://www.ncbi.nlm.nih.gov/pubmed/19020325.

22. Cotton M, Violari A, Gibb D, et al. Early ART followed by interruption is safe andis associated with better outcomes

than deferred ART in HIV+ Infants: Final results from the 6-year randomized CHER trial, South Africa. Abstract 28LB.

Paper presented at: Conference on Retroviruses and Opportunistic Infections (CROI) 2012; March 5–8, 2012, 2012;

Seattle, WA. Available at http://www.retroconference.org/2012b/Abstracts/45459.htm.

23. Deeks SG, Barbour JD, Martin JN, Swanson MS, Grant RM. Sustained CD4+ T cell response after virologic failure of

protease inhibitor-based regimens in patients with human immunodeficiency virus infection. J Infect Dis. Mar

2000;181(3):946-953. Available at http://www.ncbi.nlm.nih.gov/pubmed/10720517.

24. Flynn PM, Rudy BJ, Douglas SD, et al. Virologic and immunologic outcomes after 24 weeks in HIV type 1-infected

adolescents receiving highly active antiretroviral therapy. J Infect Dis. Jul 15 2004;190(2):271-279. Available at

http://www.ncbi.nlm.nih.gov/pubmed/15216461.

25. Piketty C, Weiss L, Thomas F, Mohamed AS, Belec L, Kazatchkine MD. Long-term clinical outcome of human

immunodeficiency virus-infected patients with discordant immunologic and virologic responses to a protease inhibitor-

containing regimen. J Infect Dis. May 1 2001;183(9):1328-1335. Available at

http://www.ncbi.nlm.nih.gov/pubmed/11294663.

26. Sufka SA, Ferrari G, Gryszowka VE, et al. Prolonged CD4+ cell/virus load discordance during treatment with protease

inhibitor-based highly active antiretroviral therapy: immune response and viral control. J Infect Dis. Apr 1

2003;187(7):1027-1037. Available at http://www.ncbi.nlm.nih.gov/pubmed/12660916.

Guidelines for the Use of Antiretroviral Agents in Pediatric Infection L-37


